slants at 5". Saccharomyces cerevisiae and both strains of S. carlsbergensis showed an absolute requirement for biotin (Haukeli & Lie, I 97 I) . Schizosaccharomyces pornbe had a complex requirement, and was grown on a medium containing yeast extract. Metschnikowia pulcherrima and C. utilis required no vitamins. Candida utilis, however, needed an addition of 0.1 mmole 02/h. when grown in a minimal medium. In a complete vitamin medium addition of trace amounts of oxygen were not necessary.
Media, fermenter, inoculum and measurements of dry weight. These have been described (Haukeli & Lie, 1971) .
AnaZyticaZ methods. Ethanol was determined quantitatively by a simple gas-chromatographic technique (Lie, Haukeli & Gether, I 970) . The directly injected samples were separated on a 'Porapac Q' column (1.5 m. x 3-2 mm.) at 135" with acetone as internal standard. Total time of one analysis was 3 min., and the observed variation coefficient was less than I yo. Cellular nitrogen was determined by a semi-micro Kjeldahl method. Glycerol was determined by thin layer chromatography (Erdal, 1964) , and glucose by the method of Calculations. Material-balance equations were calculated according to Maxon & Johnson (1953) and Chen (1964) , and were based on the elementary composition of a standard yeast as reported by Sperber (1946) . This composition is in good agreement with the average nitrogen content of the yeasts used in our experiments. The total material-balance equation is divided into three separate equations, I, I1 and 111. In equation I11 it is assumed that one mole of glucose yields two moles of ethanol and two moles of ATP:
(I) 124.8 g. glucose + 8-9 g. NH, + 8.7 g. salts = IOO g . dry yeasts + 13-4 g. CO, +29 g. H20.
Somogyi (1 937).
(11) Glucose,,,, = G~ucos~~,,",,~ -Gl~~~~eceiiuiar material-
R E S U L T S
The observed molar growth yields from completed fermentation experiments are given in Table I . All media contained 1.8 yo (w/v) glucose as energy and carbon source. The YATP values listed were observed when more than 97% of the glucose had been consumed, but before the weight of yeast had been reduced owing to possible changes in the carbohydrate reserves and autolysis. YATP values observed shortly before glucose exhaustion in complex media average 11-2, ranging from 9.2 to 14.0. The obtained average yield of ethanol was 96.5%. Glycerol was the only by-product present in amounts large enough to affect the results. The ATP-production from the synthesis of glycerol gives a maximum error in the obtained molar growth yields of 1-5 Yo. The Y,,, values in Each of the growth experiments listed in Table I was followed by four to eight observations of yeast production, ethanol formed, glucose consumed and nitrogen content of the yeasts, In all the experiments performed, the observed YATP decreased with increasing time of growth. This was true of the experiments in which glucose seemed to be the sole limiting factor, and of those in which a changing generation time indicated that the cells were limited in growth by nutrients other than glucose. This was clearly demonstrated for
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Saccharomyces carlsbergensis, Candida utilis and Metschnikowia pulcherrima grown in defined media (Fig. I ). In mineral medium supplemented with biotin only, the observed Y , , , of S. carlsbergensis decreased from 9 to 5, whereas the Y,,, values of M . pulcherrirna in a minimal medium without any growth factors decreased from 5-4 to 3-5. (Haukeli & Lie, 1971 ).
L T P d
4'7 5'9 6.5 7'7 7'6 I 0.7 7'9 6.5 of generations. The experimental technique used made it difficult to obtain accurate observations of yeast yield and ethanol formation after very short incubation time. From the results in Fig. 2 I' ,,, as high as 17 to 18 might be expected under our experimental conditions for Saccharonijces cerevisiae if the cells had been harvested at an early time.
D I S C U S S I O N
In the present investigation YkTP values have been observed for several yeasts ( Table I) . All Y , , , values showed a clear tendency to decrease with increasing time between inoculation and sampling. The results obtained at the point of glucose exhaustion (48 to 72 h.) were in accord with the findings of Bauchop & Elsden (1960) . Their substrate concentration was 6 to 16 pmole/ml. compared to 100 pmole/ml. used in the present :study. Although our findings indicate that YxIp is not constant during fermentation this does not diminish the importance of the YvrP concept, but merely emphasizes the need for accurately defined experimental conditions; in particular it seems necessary to take the length of time between inoculation and sampling into account. For Streptococcus diacetilactis and Streptococcus faecalis Yk,, values ranging from 15.3 to 17-4 have been reported in batch cultures with glucose as energy source (Moustafa & Collins, 1968) . From their growth data it can be calculated that YATP were observed after 4-5 to 5 generations. If our observations with Saccharomyces cerevisiae in partially defined medium (Fig. 2) are extrapolated to 4-5 generations, a YIZTp value of 15.0 would be expected.
The possibility that the efficiency of ATP-production may vary with changing substrate concentrations led Forrest & Walker (1965) to suggest that 3 moles ATP might be formed per mole of glucose at low substrate levels (6 ,umole/ml.). However, Beck & Shugart (1966) found that this additional yield could occur at concentrations of sugar up to seven times greater than 6 ,umole/ml. At higher concentrations of energy source the normally accepted .5 based on variable ATP-production, the molar production of ATP of Saccharomyces cerevisiae per mole of glucose must decrease from 2-0 to 1.6 or from 3.0 to 2.5 respectively (Fig. 2) . Our estimates, however, are based on an invariant ATP-production equal to one mole ATP per mole of ethanol formed, in accordance with the material-balance equation used.
At the beginning of this investigation we suspected that the high yields obtained after a short period of growth might partly be due to accumulation in the cells of glycogen or other compounds requiring less energy for polymerization than the normal cell material (Lie, 1965; Brown, 1968) . The cells formed early in the fermentation, however, had normal nitrogen content, indicating normal amount of carbohydrate reserves, and did actually follow the material-balance equation (Fig. 3) . This supports the view that the energy yield per mole ethanol was constant during the reported fermentations.
Lysis of bacteria has been observed after exhaustion of glucose (Hadjipetrou & Stouthamer, 1963) , and it has also been stressed that some lysis may occur during the active growth phase of bacteria and influence growth yields (Moustafa & Collins, 1968) . In our experiments the difficulties with auto-fermentation (Joslyn, 1955) and lysis after cessation of growth were eliminated, because Y,,, was determined repeatedly during growth, and the final sample taken just before glucose depletion. Lysis of yeast cells during the logarithmic growth phase is generally assumed to be minimal. It is well known that yeast may release
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nitrogen compounds into the surrounding medium during growth and fermentation (Hoppe, 1956; Lewis & Phaff, 1964) . Delisle & Phaff (1961) showed that such a release of nitrogenous substances does not come from autolysis, but is a physiological phenomenon in healthy yeast cells. It is our opinion that the high YATP values observed in the recorded experiments represent normal growth. When YATP equal to 10.5 is used for evaluation of ATP-production, the molar growth yield should be calculated at different time intervals or for a range of substrate concentrations, to ensure that the high values that evidently may occur for some organisms in early stages of fermentation are avoided.
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